Key Summary Points {#FPar1}
==================

Keratoconus is a noninflammatory, bilateral, progressive, asymmetric, and degenerative disease of the cornea characterized by stromal thinning and increased corneal curvature, with a prevalence of about 1/20,000 general population, depending on the population described.Corneal ectasia is a complication of refractive surgery, and keratoconus has long been a contraindication to this type of procedure due to the risk of postoperative progression of the disease process, especially with laser in situ keratomileusis.The case described here shows that surface ablation may be a treatment option for selected cases of mild keratoconus, with patient education being fundamental to treatment as well as a complete evaluation of the cornea and optical properties of the patient.Surface ablation can be an excellent surgical option primarily in patients with contact lens intolerance who understand and accept the risk for progression and need for further therapeutic procedures.

Introduction {#Sec1}
============

Keratoconus (KC) is a noninflammatory, bilateral, progressive, asymmetric, and degenerative disease of the cornea characterized by stromal thinning and increased corneal curvature, with a prevalence of about 1/20,000 general population, depending on the population described \[[@CR1], [@CR2]\]. Although refractive correction with spectacles or contact lenses can provide acceptable improvement in visual acuity for many of these patients, the quality of vision might still be reduced in some cases due to irregular astigmatism associated with the disease \[[@CR3]\].

Corneal refractive surgery, especially laser in situ keratomileusis (LASIK), in patients with such irregular corneas has long been contraindicated due to the risk of postoperative progression of the disease process. The flap created increases alterations to the biomechanical properties and weakens even more the corneal tissue, which in turn renders the cornea more prone to keratectasia \[[@CR4]\]. However, numerous studies report the safety of surface ablation procedures in milder forms of KC, with photorefractive keratectomy (PRK) alone or even PRK followed by corneal collagen crosslinking \[[@CR1], [@CR5], [@CR6]\]. Current regimes for PRK in such cases utilize topography-guided ablation profiles intended to reduce corneal surface irregularities and therefore improve vision quality. Although corneal ectasia has been previously described after PRK in suspected keratoconus cases \[[@CR7]\], other studies report encouraging results \[[@CR6], [@CR8]\].

A primary concern associated with refractive surgery in patients with atypical corneal topography is that the procedure might increase the speed of progression of the ectatic process \[[@CR9]\]. Retrospective case--control studies of patients with ectasia suggest five main risk factors for progression of the disorder after laser vision correction: (1) abnormal preoperative topography; (2) low residual bed thickness; (3) young age; (4) low preoperative corneal thickness; and (5) high myopia \[[@CR10]\].

In this article, we describe the clinical outcome of a patient diagnosed with mild KC who underwent advanced surface ablation in both eyes and whose condition has been stable for 15 years.

Presentation of this case has been approved by the Ethics committee of Universidade Federal de São Paulo (UNIFESP/SP 2018; no. 2.568.770). The patient reported in the case report signed an informed consent form.

Case Report {#Sec2}
===========

A 33-year-old male patient presented in 2004 seeking refractive surgery. Distance-corrected visual acuity (DCVA) was 20/30 (− 4.00/− 2.50 × 86) in the right eye (OD) and 20/20 (− 7.50/− 0.50 × 80) in the left eye (OS). The results of the silt lamp exam and fundoscopy were unremarkable.

A mild keratoconus pattern was observed in the topometric and tomographic exams: (1) thinnest pachymetry measurements were 486 μm OD and 499 μm OS; (2) simulated keratometry (Sim K keratometry) results were 40.9 @ 89.9° × 43.1 OD and 42.7@ 6° × 43.2 OS; (3) maximum keratometry (Kmax) results were 49.2 OD and 45.1 OS (Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}). At the time of the surgery there was no Belin/Ambrósio enhanced ectasia index (BAD-D) for the OCULUS Pentacam® (OCULUS Optikgeräte GmbH, Wetzlar Germany); therefore, we used data from 2004 to calculate it (9.01 OD and 6.66 OS (Figs. [3](#Fig3){ref-type="fig"}, [4](#Fig4){ref-type="fig"}).Fig. 1Pentacam refractive 4-maps of the patient's right eye (*OD*) in 2004, showing the thinnest pachymetry to be 486 μm; the simulated keratometry (Sim K keratometry) to be 40.9 × 89.9 × 43.1, and maximum keratometry (Kmax) to be 49.2Fig. 2Pentacam refractive 4-maps of the patient's left eye (*OS*) in 2004, showing the thinnest pachymetry to be 499 μm; the Sim K keratometry to be 42.7 × 6  × 43.2 OS, and Kmax to be 45.1Fig. 3Pentacam Belin/Ambrósio enhanced ectasia (BAD-D) index of the patient's right eye (*OD*) before the customized photorefractive keratectomy (PRK). BAD-D  index = 9.01 (index calculated from the data from 2004)Fig. 4Pentacam BAD-D index of the patient's left eye (*OS*; fellow eye to that shown in Fig. [3](#Fig3){ref-type="fig"}). BAD-D index = 6.66

The patient was intolerant to glasses and contact lenses and, after discussing the risks and benefits of surgery, he underwent customized PRK in both eyes. The patient was advised to avoid rubbing his eyes and to return to his current follow-up schedule of every month in the first year and every 4 months thereafter. Fifteen years after surgery, a stable flattening could still be observed in both eyes, with no changes in anterior corneal elevation (Fig. [5](#Fig5){ref-type="fig"}). The DCVA was 20/20 (0/− 1.00 × 41) and 20/30 (− 1.50/−1. 25 × 8) in OD and OS, respectively. The Biomechanical/Tomographic Assessment (Ambrósio, Roberts & Vinciguerra \[ARV\]) post-laser vision correction from the right and left eyes is shown Figs. [6](#Fig6){ref-type="fig"} and [7](#Fig7){ref-type="fig"}, respectively.Fig. 5Biomechanical/Tomographic Assessment (Ambrósio, Roberts & Vinciguerra \[ARV\]) post-laser vision correction assessment of the right (*OD*) and left (*OS*) eyes. **a**, **c** Anterior curvature maps of OD in 2004 and 2019, respectively. **b, d** Anterior curvature maps of OS in 2004 and 2019, respectively. Right panel: Note there is no evidence of progression of the ectatic disease in both eyes (**c**--**a**;**d**--**b**)Fig. 6The ARV (Ambrósio, Roberts & Vinciguerra) Biomechanical and Tomographic Assessment display from the right eye (*OD*) showing the Corvis Biomechanical Index post-laser vision correction (CBI LVC) of this caseFig. 7The ARV Biomechanical and Tomographic Assessment display from the left eye (*OS*; fellow eye to that shown in Fig. [5](#Fig5){ref-type="fig"})

Discussion {#Sec3}
==========

In the case described here, we followed Tamayo et al.'s criteria for indicating customized PRK in mild (fruste) KC: age \> 26 years; maximum keratometry \< 56.00 diopters (D); central corneal thickness (CCT) \> 430 μm; manifest astigmatism \< 5.0 D; uncorrected visual acuity better than 20/400; no scars or haze in the visual axis; residual stromal bed \> 350 μm; and absence of a very inferiorly decentered cone \[[@CR11]\]. Based on these criteria, these authors suggest that PRK is an excellent surgical option for cases of low and moderate KC and for patients with contact lens intolerance, handicapped VA with glasses, and with no contraindication for surgery, advocating that it can be considered to be a temporary relief for a future corneal transplant \[[@CR11]\].

It is important to highlight that a phakic intraocular lens is always an option for borderline cases with moderate susceptibility for ectasia progression and/or mild KC, but in this case, the level of correction was considered to be preferable for surface ablation.

In a prospective noncomparative case series, in which 11 eyes of eight contact lens-intolerant patients with forme fruste KC were treated, the authors concluded that topography-guided surface ablation is a promising option to rehabilitate vision in contact lens-intolerant patients, based on achieving a statistically significant reduction of manifest refractive error, corneal irregularity, and ghosting \[[@CR12]\]. In a prospective study, Chelala and coworkers also evaluated the visual outcome of PRK in 119 eyes from 72 patients with mild to moderate stable KC and concluded that PRK was a safe and effective procedure for improving uncorrected vision in patients with mild refractive errors. However, these authors do warn that a close follow-up of patients is needed to detect any progression of the disease \[[@CR1]\].

The concerns surrounding the indication of PRK in patients who may have atypical topography have also been addressed because these patients may have an increased risk for corneal instability associated with laser vision correction (LVC). Corneal instability is generally thought to be less of a risk with PRK than with LASIK. In cases of topographic irregularities, surface LVC has been demonstrated to be successful in improving uncorrected distance visual acuity with a moderately low rate of complications \[[@CR13]\]. Ming Chen reviewed articles published between 1980 and 2012 in a search for evidence to determine whether PRK or LASIK is the better option for laser vision correction for patients with atypical corneal topography \[[@CR10]\]. This author concluded that even though PRK may be the safer procedure when compared to LASIK for those patients, there is a possible risk of worsening corneal ectasia. The authors of a retrospective follow-up study (1998--2013) of 28 eyes of 23 patients (age 17--60 years) with grade 1--3 keratoconus that received topography-guided PRK also concluded that topography-guided PRK in keratoconus might be effective for reducing myopia and astigmatism \[[@CR14]\]. An additional prospective study evaluated the long-term outcomes of PRK in patients with mild to moderate KC in patients older than 40 years without progression in the last 2 years, with residual CCT ≥ 400 μm \[[@CR15]\]. These authors concluded that PRK did not induce KC progression in such patients and suggested that a residual CCT ≥ 450 μm would appear to be sufficient to prevent the ectasia. In contrast, Randleman et al. reported two patients who developed bilateral corneal ectasia after PRK, in which one patient manifested early KC preoperatively and the second patient had a family history suspicious for KC, with a sibling who had bilateral corneal transplantation at a young age \[[@CR16]\].

Conclusion {#Sec4}
==========

Surface ablation may be an option for selected cases of mild keratoconus. Patient education is fundamental, as is a complete evaluation of the cornea and optical properties of the patient. We advocate considering Tamayo et al.'s criteria for enhancing safety \[[@CR11]\] when planning custom ablations of such procedures, which can be an excellent surgical option mostly in patients with contact lens intolerance who understand and accept the risk for progression and require further therapeutic procedures.
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